Objective: Since a new epidemic (third wave) of retinopathy of prematurity (ROP) sensed throughout the world in recent years, we aimed to assess newer risk factors for advanced ROP which needs treatment in Iranian neonates as a new target output of various neonatal care for this serious disease of newborn infants especially those born prematurely.
Introduction
Retinopathy of prematurity (ROP), formerly known as retrolental fibroplasia vascular proliferative disorder, is a topic of concern in the premature infants that may lead to blindness [1, 2] . The more recently emerging treatment modalities combined with more careful control improved survival rates in very premature infants in developing countries and increased the rate of ROP severity [3, 4] . With better treatment modalities and higher survival rates among very low birth weight (VLBW) infants as we anticipated, clinicians involved with neonatal care encounter on a more frequent basis, even predictable sequences of prematurity, which sometimes place a very heavy financial burden on the health care system. To make the suggested risk factors such as sepsis [5] , severe fungal infection (SFI) [6] [7] [8] , high number of transfusions [9] , perinatal steroids exposure [10] , hypo and hypercapnea [11] , hyperglycemia [12, 13] , apnea and bag/mask ventilation after 2 nd day, male gender [14] , lipid within total parenteral nutrition (TPN) solutions [15] , twins and triplets [16] [17] [18] , intra ventricular hemorrhage (IVH) and Respiratory Distress Syndrome (RDS) [19] more explicit, we conducted this study in Milad Hospital as one of the largest hospitals with level III NICU in Iran. Our aim was to analyze the data set to identify significant risk factors for advanced-type ROP.
Subjects and Methods

Patients
We designed our study as a retrospective longitudinal one collecting data from medical records of Milad Hospital during June 2006-May 2007. All infants with gestational age (GA) of <32 wk and/or birth wieght (BW) of <1500 g, who survived beyond 4 weeks and/or completed ophthalmic exams for ROP, entered our study (n=71). GA was assessed from obstetric ultrasound and confirmed by clinical assessment of infants based on New Ballard Score (NBS). We distributed the infants into two groups:Advanced or Surgical group (n=12) which included the infants who underwent retinal surgery by either photocoagulation or cryotherapy and the other group, non-surgical (n=59), included the infants without ROP or ophthalmologic findings severe enough to meet the criteria for retinal surgery. Based upon the policy of the hospital all parents or guardians had been approached regarding informed consent and declaration as permission to use the contents of the medical records for research purpose. All participants in this study were eligible for our research. This study has been accepted by the ethics committee of Tehran University of Medical Sciences and Milad Hospital and all researchers undertook Helsinki's treaty.
Definitions, terminology and medical procedures
Severe hypercapnea was considered as PaCO2 >80 mmHg, hypocapnea as PaCO2 <30 mmHg, hyperglycemia as BS >150 mg/dl, bacterial sepsis by either positive blood culture or cerebro-spinal fluid culture for any pathogenic bacteria during first 14 days of life, chronic lung disease (CLD) as described and staged by NIH workshop [20] . Further we described necrotizing enterocolitis (NEC) as clinical diagnosis of staff neonatologist with abdominal X-ray consistent with NEC based on Modified Bell's stage in which stages IIIA, and IIIB were separated as advanced stages [21] and IVH using Papile staging in which stage III and IV are classified as severe IVH [22] . Also, we defined advanced ROP or treatment group regarding any location (zone), severity (stage), plus disease, extent and prethreshold or threshold ROP which needs treatments according to the latest AAP guidelines [23] . Severe RDS was our institutional liberal definition for a clinical and radiographic diagnosis of RDS being severe enough with at least 3 days of first intubation and mechanical ventilation. In the TPN group we provided the infants with admixture of lipid, protein and glucose in parenteral solution. We usually started TPN from day 2 with glucose and protein, and lipid was added to this regimen using peripherally inserted venous catheter or via central vein catheter in prolonged cases that were still mechanically ventilated. Granulocyte-colony stimulating factor (G-CSF) was started when the neonates were septic and leukopenic (absolute neutrophil count <1500/μl). Only those administered during first 10 days of life were recorded. Dexamethasone was also used to treat CLD with short course regimen started at 0.1 mg/kg q12h on day 1, 0.075 mg/kg q 12h on day 2 and 0.05 mg/kg q12h on day 3 to lessen corticosteroids side effects and facilitate extubation and weaning from ventilator.
Assessments
The first ophthalmologic examination was conducted by expert ophthalmologists at postmenstural age (PMA) of 31 to 36 weeks by means of indirect funduscopy. Reports and subsequent examinations were performed at the discretion of ophthalmologist mostly adhered to the International Classifications of Retinopathy of Premturity (ICROP) and the American Academy of Pediatrics (AAP) guidelines [23, 24] . Pupil dilation was achieved by twice instilling one drop of phenylephrine 1% and one drop of tropicamide 0.5% within a 5-minute interval. We used a glucometer for checking bedside blood sugar (BS) at least 3 times a day and serum BS was checked simultaneously if the device indicated high or low BS. Testing frequency was based on test findings:For glucose <40 mg/dl, every 2 hours and for stable glucose >40 mg/dl, every 8 hours. We added 10% to the BS value for data recorded by the glucometer in order to equalize it to serum BS as hemocells within the whole blood may consume the glucose and lower BS. All preterm infants had cerebral ultrasound examinations for IVH at the third and seventh day of life (DOL) and were followed up based on our institutional protocols.
Blood samples were extracted either through umbilical catheters or direct peripheral arteriotomy or venotomy in order to evaluate leukocyte counts during first 10 days of life, BS and bilirubin during first 2 weeks. Moreover, initial arterial blood gas (ABG) and electrolytes were recorded for all infants. Other laboratory tests were done if clinically indicated.
Statistical Analysis
In descriptive analysis, the parameters such as frequency, mean, and standard deviation (SD) were reported. The analytical procedures were performed using statistical tests. To test the differences between parametric and nonparametric variable means in the two groups of study, the Independent t-test and Mann-Whitney U-test were used, respectively. A Chi 2 statistical test was also used to evaluate the possible statistical differences in the distribution of qualitative variables among different groups of the study. In addition, Cochran's test was used to evaluate the confounding effects of qualitative variables.
Receiver operating characteristics (ROC) curve analysis was also performed to assess the predictability of advanced ROP with quantitative variables of the study, and then to compare the area under curve (AUC) of these variables. The cutoff points were determined in each ROC analysis based on Youden's index in order to determine highest value from summation of (sensitivity) and (specificity-1). Finally, binary logistic regression analysis was performed in order to evaluate the potential role of different risk factors to predict advanced ROP as a binary outcome. For this purpose, a maximum number of 6 variables (with clinical or statistical significance in previous univariate analysis) were included in the model each time (less than 10% of the cases). Backward stepwise (Likelihood Ratio) model was performed in logistic regression analysis. Thereafter, the Nagelkerke R Square index was used in order to compare the strength of each predicting model.
A 5 percent probability of a type I error (twotailed), and a power of 80 percent were considered in the analysis. All reported P-values are two-tailed and a P-value of <0.05 was considered significant.
Findings
Baseline Characteristics
After exclusion of 67 (Death=21, incomplete follow up=20, digital files number and file name mismatch=7, unavailable files=19), seventy one infants met the criteria for inclusion in the study (out of the 138 VLBW infants born). There were 38 (53.5%) boys and 33 (46.5%) girls with the mean gestational age and birth weight of 30.17 (SD=2.47) wk and 1234 (SD=232) g, respectively. The mean Apgar scores of these neonates were 5.94 (SD=1.83) and 7.55 (SD=1.57) in the first and fifth minutes, respectively.
Regarding the results of subsequent examinations, advanced ROP occurred in 12 (16.9%) of VLBW infants requiring further intervention; while this in the other 59 neonates did not occur. Six infants out of 15 (40%) with GA ≤28 wk had advanced ROP, while this frequency decreased to 10.7% (6 out of 56) in neonates with GA >28 wk. We started G-CSF for 5 infants in surgical group vs 6 infants in a non-surgical ROP group. Two septic infants out of total 12 infants in surgical group and one infant in non-surgical ROP group were provided with domapine ±dubotamine due to hypotension during severe sepsis. Our study displayed that elevated leukocyte count during first few days of life in premature neonates and especially mean WBC>11.100/μl possesses high risk for advanced-ROP [sensitivity: 69%, specificity: 77%, positive predictive value (PPV): 42.8% and negative predictive value (NPV): 92%].
Univariate analysis of risk factors
Different gestational and neonatal factors were recorded and compared between the two groups of infants (Table 1) . As shown in Table 1 , gestational age, birth weight, gender distribution, Apgar scores in both the first and fifth minutes, massive transfusion, serum WBC counts, both hypercapnic and hypocapnic episodes, administration of G-CSF, sepsis, severe fungal infection, postnatal steroid administration, IVH, severe RDS, TPN with lipid administration and hyperglycemic episodes were significantly different between the infants without advanced ROP and the neonates with advanced ROP.
Longitudinal evaluation of blood sugar within 14 days of follow-up is illustrated in Fig. 1 However, the variables including route of delivery, perinatal problems, total mean glucose during the complete first 2 weeks of life, twins, multiple births, NEC, apnea leading to bag/mask ventilation and prenatal steroids were not significantly related to advanced ROP in univariate analysis (P>0.05).
Interaction analysis
After controlling for the confounding effects of sepsis (P=0.002) and G-CSF administration (P=0.001) by Cochran's test, mean WBC >11.100/μl is still an independent risk factor for advanced ROP. On the other hand, while evaluating the association between G-CSF administration and advanced ROP in patients with WBC >11.100/μl no significant relationship was observed (P=0.2).
ROC curve analysis
ROC curve analysis revealed that gestational age (P=0.003), birth weight (P=0.001), Apgar scores in both the first (P=0.009) and fifth minutes (P=0.03), number of transfusion (P<0.001), serum WBC counts (P=0.006), hypercapnic (P=0.02) and hypocapnic episodes (P=0.001), level of blood sugar on 3 rd day of life (P=0.01) and the number of hyperglycemic episodes (P=0.006) had significant diagnostic values to differentiate inadvanced from advanced cases ( Table 2) .
Multivariate binary logistic regression analysis
After the enrolment of different significant variables of univariate analysis in Backward stepwise (Likelihood Ratio) model, the final multivariate regression analysis (R 2 =0.769, P<0.001) retained the variables including mean leukocyte counts (P=0.04), massive transfusion (P=0.01) and hypocapnic episodes (P=0.02); which were significant after simultaneous adjustment and independently predictedadvanced ROP (Table 3 ). The AUC of these risk factors are also compared with each other in Fig. 2 .
Discussion
In this study we entered a relative large number of variables regarding advanced ROP occurrence. We tried to find out the independent predictor variables and the dependent predictor variables as well. To the best of our knowledge, it is the first article to review risk factors regarding requiring treatment of ROP in premature infants by either cryotherapy or laser manipulation. The prevalence of advanced ROP was 16.9% in our patients which is somehow lower than in a previous study from Iran by Karkhaneh et al (22.6%) [25] . Previously, prevalence rates of 8% to 29% was reported from Iran. This incontinency may be best explained by diverse inclusion criteria with different GA and BW thresholds [26] [27] [28] [29] .
Another study by Mutlu et al in Turkey showed that the frequency of ROP was 37.1% for any stage and 7.2% for stage 3 or greater in VLBW infants [30] . Despite the lower frequency of severe As previous studies showed, ours too reveals that low GA, low birth weight and male gender are inevitable risk factors for advanced ROP progression among very premature infants [14, 24, 25] .
Low Apgar scores especially <4 in first minute and <6 in fifth minute which may lead to resuscitation with ambobag, chest compression and medications are the first red flags for more careful attention to ROP follow up as these factors influence intra-thoracic pressure and whole body and especially retinal and brain blood circulation.
We found out the mean leukocyte count during the first 10 DOL was significantly higher in infants with advanced ROP compared to the remaining infants without advanced ROP. This retinal damages may be due to inflammatory responses by WBC.
Our results displayed that SFI and bacterial sepsis may predispose to advanced ROP. One of the infants with SFI received postnatal dexamethasone. However, more research is needed to explore the real correlation between SFI and advanced ROP and postnatal steroids exposure. The exact mechanism by which C. albicans increases the ROP is not clear and yet to be understood [6] .
The administration of G-CSF was significantly higher in surgical ROP group (5/12 infants vs 6/59). This product increases total count with stimulation of bone marrow to release these cells. Immature WBCs which could encompass toxic granules due to immaturity may cascade a systemic and especially local inflammatory responses in retina and ultimately lead to cell damage in the eyes. Conclusively, according to the significant difference in advanced ROP occurrence between two groups, we hypothesized that this adjunct therapy for septic leucopenic infants may be harmful for the retina by abrupt increase in WBC count and probably increase risk for advanced ROP progression.
Early initiation of TPN adding multipurpose 10% lipid vials showed a higher incidence of ROP in our institute. This may be due to a greater number of free radicals after lipid introduction. Some studies showed that protection of TPN solutions from light may lessen free radicals, augment stability of the vitamins added to solutions [31] [32] [33] .
We also compared a group of infants that had at least one apneic episode leading to bag/mask ventilation after the first DOL, with infants without any apneic episode during hospital stay. Cerebral blood flow fluctuation or drugs used for neonatal resuscitation may negatively affect retinal blood flow with increased risks for ROP.
The number of transfusions including whole blood and packed cells were also assessed for risk estimation. However, usage of fresh frozen plasma (FFP), platelets and intravenous immunoglobins (IVIG) were excluded from our analysis. There was a significant increased incidence of advanced ROP in infants with ≥4 transfusions; this may be controlled by reducing unnecessary phlebotomies and implementation of some new smaller volume analysis methods.
Hypocapnea and hypercapnea are frequent events in ventilated infants during remedial course. As blood carbon dioxide tension (PaCO2) may influence blood flow regulations within tiny vessels of the retina and cerebrum, we recorded PaCO2 of the first 14 DOL according to ABG analysis. Frequency of ordered ABG was based upon clinical status of infants and the changes in ventilator settings. The number of hypocapnic and hypercapnic episodes were compared during the first 2 weeks of life in the two groups with and without advanced ROP. If they were off ventilator, clinically stable and had no ABG, it was considered to be within normal ranges. As higher numbers of hypercapnic and hypocapnic episodes were related to increased incidence of advanced ROP, ventilation strategies which permit PaCO2 to reach 80 mmHg or higher are not recommended.
Hyperglycemia is a common occurrence in VLBW infants. The important role of hyperglycemia induced vasoproliferative retinopathy has been widely studied in adults [34, 35] . Some newer studies proposed sweet blindness in neonates as well as adults [12] . Measuring average serum blood glucose for the first 2 weeks of life displayed no significant results in our study.
However, the calculated power was low (45%) and this may be due to low sample size of infants with advanced ROP to demonstrate the significance of the difference in the mean blood glucose of the first 2 weeks between the two groups of study. On the other hand, mean glucose in 3 rd DOL was significantly higher in surgical group; while the mean BS of the 12 th day was significantly lower in this group. This may emphasize that in comparison with the mean BS of first 14 DOL, the fluctuation in serial blood sugar measurements may be a more important risk factor.
It seems that sweet blindness, which is widely studied in adult diabetic patients, may need to be reviewed more carefully in neonatal population. When hyperglycemia occurred, the glucose concentration was first lowered to no less than 5% in the ultimate solution, and then insulin infusion was started. According to the above findings, tight glucose control and insulin infusion may prevent further retinal neovascularisation [36] .
Prenatal administration of steroids (dexamethasone or betamethasone) did not increase risk of ROP, but postnatally, for chronic lung disease (CLD) treatment had some important side effects on the retina as more infants progressed to advanced ROP.
During recent years, an increasing number of multiple pregnancies was observed due to the use of assisted reproductive techniques (ART) which increased premature births, low BW and low GA deliveries [37] . In our study we did not find a significant correlation between multiple births and ROP in agreement with previous studies concluding that multiple pregnancies did not seem to be an independent risk factor for ROP [18] . Finally, since early reports of the toxicity of oxygen, most frequently administered drug in NICUs, many modifications to optimizing oxygen therapy in premature infants has been made in recent decades. Since early sixties, liberal use of oxygen had been condemned by many authorities [38] and also many studies introduced oxygen as a main risk factor to progress to severe ROP even in the case of progression of laser-treated retinopathy of prematurity to retinal detachment [5] . Our study displayed disparate results from Bourla et al research. They concluded that premature infants with the history of sepsis, oxygen therapy, mechanical ventilation, RDS, and PDA have a higher risk for failure of laser therapy and consequent retinal detachment; in which blood transfusion had minimal effect and RDS was introduced as a significant risk factor. Surprisingly our study failed to clarify RDS, mechanical ventilation and concomitant oxygen toxicity as one major and independent predictor. Considering reports of severe ROP cases with minimal oxygen exposure [39] , such dogmatic over-emphasis on superior importance of oxygen toxicity saluted by all other predictor risk factors may better be retestified. Also, we did not enter separately oxygen requirement and mechanical ventilation as two well-known potent risk factors and there may be some statistically selection bias in final multivariate binary logistic regression analyses reports. Neonates were divided by either requiring treatment or not. As another limitation of the research, no comparison accomplished for other stages of ROP due to inaccurate and imprecise recorded description and staging of the neonates for whom medical care and follow-ups other than treatment were presumed. Moreover, considering excluding a relative large number of infants (n=67) mainly for death may have biased our final information and some causal relationships inevitably may be either overestimated or underestimated. Currently no proven strategies and methods are available to prevent ROP. Various interventions to prevent or limit the progression of ROP have been introduced without clear benefits, although further evaluation may be needed. Since oxidative injury has been investigated, more potent antioxidants besides vitamin E, D-penicillamine and others may be preventive and attenuate serious ROP side effects [40, 41] . Specifically, augmentative role of Nacetyl cyteine on antioxidative system and nitric oxide [42] and anti-venous endothelia growth factor (VEGF) medication preventing the progression to severe ROP may be an interesting topic for future researches. In our study, in addition to many other previously well-known risk factors, we found a strong relation between mean leukocyte count, massive transfusion, administration of G-CSF, hypercapnic and hypocapnic episodes with advanced ROP.
Conclusion
In conclusion, controlling for more suitable ventilator strategies, judicious use of G-CSF, better TPN solutions, careful glucose control, more suitable CLD treatment protocols and less phlebotomies may warrant a better prognosis of ROP in VLBW infants. More extended studies in future by other researchers may determine the exact role of hyperglycemia and also hypoglycemia as two common events during first few days of life, regarding ROP. A better understanding of possible impact of systemic inflammation and especially local inflammatory responses either humoral or cell mediated in retina would be obtained following bacterial and fungal infections or G-CSF administration by conducting animal retinal pathology studies.
